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Carl R. Woese was born and raised
in Syracuse, New York. His
undergraduate training was at
Amherst College (AB 1950) and
graduate work at Yale University
(PhD 1953). He is currently the
Stanley O. Ikenberry University
Professor and Center for Advanced
Study Professor of Microbiology at
the University of Illinois
(Champaign-Urbana), where he
has been for the past forty years.
He was trained as a biophysicist
and molecular biologist. He views
himself as a molecular biologist in
search of Biology. Consequently,
his career has been devoted to
using molecular methods to
approach evolutionary problems.
His most notable accomplishments
have been determining the
universal phylogenetic tree,
through molecular sequence
analysis, and the discovery of the
Archaea, the so-called ‘third form’
of life. For these he has received
numerous awards, including a
John D. and Catherine T.
MacArthur Award, the
Leeuwenhoek Medal 1990
(Netherlands Royal Academy), the
Waksman Award (National
Academy of Science USA), and the
Crafoord Prize (Swedish Royal
Academy). At present he works on
the evolution of cellular
organization.
Why did you become a
scientist? I had to. No other way
to cope with my world. Hard to
explain though, because the child
who made the decision was too
young to verbalize it. There
seemed to be two worlds, that of
nature and that of people. The first
was vast, wonderful, inscrutable,
frightening, exciting, enticing,
always moving, but nevertheless
with an immutable consistency —
it was a never-failing touchstone of
truth. The world of people was the
opposite: inconsistent, ever-
arbitrary, full of contradiction,
anthropomorphizing, untrustworthy
— almost devoid of truth. Growing
up was a continual search for truth.
In mathematics and science I
finally found it; the ‘q.e.d.’ of
geometry and Newton’s Laws were
like a warm shelter in a storm. 
Why I became a biologist is
unclear, though. I had no
scientific interest in plants and
animals and took only one ‘bio’
course (biochemistry in my senior
year) at college. However, a
young instructor in physics
named Bill Fairbank — who later
went on to become a world class
low temperature physicist —
advised me not to go into
physics, but into the exciting new
field of biophysics, and to do so
at Yale, whence he had just
graduated. I followed that advice,
and here I am.
What advice would you give
someone thinking about
becoming a biologist? Do not
study biology seriously to begin
with. First obtain as broadly based
a scientific education as possible.
That way you can enter biology
with a well-honed scientific sense
and an open and inquisitive mind.
And when you do study biology,
start from an historical base;
understand what underlies the
current trends, and so what their
limitations are. Again, a matter of
perspective. Biology today is still
governed by the 20th century
molecular perspective, which
cannot see any important
questions left to answer! This spent
paradigm sees only a future
dedicated to application, service to
society. This is an outlook that is
turning biology into a service
discipline, into bio-engineering.
You’re saying some pretty heady
stuff here, which prompts two
further questions: first, what is
wrong with biology becoming
bio-engineering if that’s the way
the chips are falling? The
human genome is a good thing,
isn’t it? Nothing wrong with bio-
engineering per se. Wrong is when
bio-engineering comes to define
biology. Physicists understand this:
long ago physics formally split into
two allied disciplines, basic
physics and engineering. What was
formally recognized in physics
needs now to be recognized in
biology: science serves a dual
function. On the one hand it is
society’s servant, attacking the
applied problems posed by
society. On the other hand, it
functions as society’s teacher,
helping the latter to understand its
world and itself. It is the latter
function that is effectively missing
today.
Second question: what are
these “important unaddressed
questions” you allude to? A
change in perspective is needed to
see them. Twentieth century
biology was dominated and
defined by a
mechanistic/reductionistic outlook.
Molecular biology — and genetics
before it — saw understanding
biology as understanding its parts,
and only that. All the beauty and
complexity of the living world is
totally accounted for, totally
derives from, the molecules that
co-mingle to give us cells, and so
on. Nothing new added along the
way! That is a 19th century
viewpoint, 19th century physics,
that is. Nineteenth century biology,
Darwin’s era, saw things very
differently; Darwin’s was a biology
of whole organisms, of emergent
phenomena. Procrustean
reductionism eliminated all that.
Evolution became viewed as a
series of idiosyncratic,
uninteresting historical accidents,
its study a quaint and scientifically
unimportant diversion. The real
biology was all in the parts of the
organism, not in the idiosyncratic
route by which the organism
became what it is. “It’s all in the
genes!” is modern biology’s battle
cry. Is the ant colony all in the
queen ant (and its genes)? Is
human language all in human
genes?
Biology needs to go “back to
the future”, back to where
Darwin left off! Wouldn’t that be
asking biology to abandon its
foundation in the physical
sciences? Not at all! Biology’s
‘physics’ has been an out-of-date
classical physics all along. Modern
biology needs modern physics!
Whereas classical physics and
mechanistic molecular
reductionism drew up short
against the wall of biocomplexity,
modern physics and mathematics
revel in it, in impenetrable
complexity, emergent
self-organization. Here is the
physics for a 21st century biology.
Mainstream biology, genomic
biology, is providing scads of data
that would take on deep meaning
in a framework of complex
dynamic systems. All that is
required is for mainstream biology
to realize that its Yellow Brick
Road lies right before its eyes.
The ‘important questions’ that
21st century biology faces all stem
from a single question, the nature
and generation of biological
organization — the quintessential
problem in complex systems. Yes,
Darwin is back, but in the company
of a differently and more
powerfully trained group of
scientists, who can see much
further into the depths of biology
than was possible heretofore. It is
no longer a ‘10,000 species of
birds’ view of evolution —
evolution seen as a procession of
forms. The concern is now with the
process of evolution itself.
I see the question of biological
organization taking two prominent
directions today. The first is the
evolution of (proteinaceous)
cellular organization, which
includes sub-questions such as
the evolution of the translation
apparatus and the genetic code,
and the origin and nature of the
hierarchies of control that fine-tune
and precisely interrelate the
panoply of cellular processes that
constitute cells. It also includes the
question of the number of different
basic cell types that exist on earth
today: did all modern cells come
from a single ancestral cellular
organization?
The second major direction
involves the nature of the global
ecosystem. This is both a very
practical (imminent) and a very
basic problem, involving biological
organization on a level over and
above the cellular/organismal.
Bacteria are the major organisms
on this planet — in numbers, in
total mass, in importance to the
global balances. Thus, it is
microbial ecology that matters
most; it is microbial ecology that is
most intimately and importantly
connected to the earth’s exterior.
And it is microbial ecology that is
most in need of development, both
in terms of facts needed to
understand it, and in terms of the
framework in which to interpret
them.
Given your somewhat
unorthodox views, I am sure the
readership would like to know a
bit more about who you are as a
scientist. I had a very typical (and
uninteresting) schooling: an
American who grew up during the
depression and World War II;
public school, followed by a year at
military school, then two years of
prep school. An A.B. degree at
Amherst College; PhD in
biophysics at Yale; medical school.
Scientifically wandered for next
five years; at General Electric
Knolls Lab for the four after that.
Ended up at University of Illinois in
1964. Been there ever since.
Worked as a typical molecular
biologist — on the genetic code,
on the nature of translation — with
one exception: molecular
biologists could put biology
together without considering
evolution; I could not. No one
taught me that; it was just
intuitively obvious. You can’t
understand the gene without
understanding translation, and you
can’t understand translation
without understanding its
evolution. The next several
decades were devoted to
determining a universal
phylogenetic framework within
which to begin studying the
evolution of translation and the
basic cell itself.
What scientific figures inspired
you? My mentor Ernest Pollard for
one. Ernie, as everyone called him,
was a fount of originality and
inspiration. He was trained at the
Cavendish Laboratory in
Cambridge (UK) by Chadwick,
which made him the intellectual
grandson of Rutherford. That is the
outlook he taught me. Next, G.G.
Simpson. His ‘tempo-mode’
perspective was my first real
introduction to evolution. We
ultimately found tempo-mode to
hold at the level of
microorganisms. It is a universal
property of the evolutionary
process! Then there was Francis
Crick, the most charismatic figure
in 20th century biology; however, I
learned more by nipping at his
heels than by following his lead.
But, as time goes on, I think more
about D’arcy Thompson and the
great tradition of biological form
that he represented. And then of
course, Darwin, whose writings I
encountered rather late in the
game, but increasingly turn to, as
my foray into evolution deepens.
How he could have been so right
about so much? Astounding!
Who was the most important
figure in 20th century biology,
and why? Without doubt it was
Frederick Sanger, the developer of
macromolecular sequencing
methodology. The foresight
existed in him long before others
picked up on it. While molecular
sequencing did not define 20th
century biology, it enabled it. And it
enables biology today to free itself
of its molecular chains. Molecular
sequencing is biology’s ultimate
technique.
How important is the
relationship between biology
and society? It is all-important; a
matter of deep concern for all
biologists, philosophers of science,
political leaders. And I don’t see it
being taken very seriously by any
of them. The interaction between
biology and society is mutually
shaping — very strongly so at this
particular juncture. Yet the
interaction that now exists
between them is nothing short of
internecine. Biology today is
conceptually weak; it does not
know itself. It is putty in society’s
hands. Biology is surrendering into
servitude, delighting in becoming
society’s genie. And the society
will accordingly ask of it more and
more miracles: “Man the Medical
Miracle” is in the making. A utopian
agriculture is in the making. An
engineered environment is in the
making. A world held in place by
so many fingers in so many dikes.
Biology know thyself! Uphold
your end of the bargain with
society; provide it the counsel, the
understanding of biology, it so
badly needs. Mankind needs to
appreciate itself as part of the
evolutionary flow that is life.
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